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A considerable number of publications in recent years have had the 
object of indicating  the nature  of surface tension  phenomena  in  the 
case of physiological solutions, and many attempts have been made to 
find a clinical application for the surface tension measurements of such 
solutions.  The peculiar difficulties of measuring the surface tension of 
semicolloids  and  of  interpreting  the  data  obtained  have  however 
caused the introduction of many errors. 
It is well known that when, in the case of true solutions, a new inter- 
face is formed, a measurable period of time is required to bring about 
equilibrium  following a  change  in  the  surface  concentration  of  the 
solute, and that, in the case of semicolloids, hours or days may elapse 
before a  condition  of surface equilibrium  is reached.  In  measuring 
the  surface  tension  of semicolloids,  it  is  this  state  of affairs  which 
limits the choice of surface tension methods and which makes difficult 
the proper interpretation  of the data which are obtained.  Data ob- 
tained as apparent  equilibrium values, even in the case of pure sub- 
stances of a semicolloidal nature, are furthermore difficult to interpret 
because they usually are not a simple function of the concentration of 
the solution. 
Because of the length of time required for surface equilibrium to be 
reached  when  the  surface tension  changes  with  time,  only so called 
static methods can be employed for measuring the surface tension of 
semicolloids.*  Of these  methods,  that of the sessile drop is the only 
* This does not include cases when it would be desirable to measure the surface 
tension during that initial period in which the amount of surface concentration is 
notsufl~cient tobring about a change.  Lord Rayleigh first showed that a measur- 
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one with which the angle of contact can be neglected.  Unfortunately 
the progressive changes that it is frequently desirable to measure are 
with  this  method  so  small that they are within the limits of error of 
the method.  The capillary rise method is, therefore, the only one that 
makes it possible to obtain successive readings with the same interface 
and to note how the surface tension of a particular interface is chang- 
ing with time.  This does not imply that it is possible by this method 
to obtain absolute values in  all  cases,  and  various  criticisms  of  this 
method readily  suggest themselves. 
The ring method has been widely used and has been considered by 
some to be "the only device by which the surface tension of colloidal 
liquids can be accurately determined"  (1).  Lenard has been quoted 
(2)  to help strengthen this point of view.  Lenard (3), however, states 
that the straight  wire method,  "as opposed to the ring method,"  can 
be  considered  reliable.  Even  in  the  case  of  the  straight  wire  this 
claim to accuracy should not be applied where thick surface films are 
formed and the surface tension keeps on  changing for a  considerable 
period of time.  When a ring or-a straight wire is lifted from the sur- 
face of a solution so as to determine the force that is required to rupture 
the film,  the  surface is  considerably enlarged  by the  elongated  film 
that is formed in the process of lifting, hence the surface concentration 
and consequently the surface tension cannot be the same as it was at 
the flat surface. 
Another  doubtful point  is that  of considering  the surface effect of 
thick surface films, of a semisolid nature and visible to the naked eye, 
as surface tension phenomena in the same way that one considers the 
excess surface  concentration  in the  case of true  solutions where  the 
material  concentrated  at the interface is in more perfect equilibrium 
with the bulk of the solution.  These thick films are suggestive rather 
of a new phase than of a surface excess affecting the surface tension of 
an  interface. 
able period of time must elapse before a  quantity of the solute is adsorbed at a 
freshly formed interface  in  sufficient amount  to  appreciably  alter  the  surface 
tension.  The method which he used for determining this fact would have to be 
applied for surface tension measurements in such cases (Rayleigh, J. W. S., Proc. 
Soc. Londo~z, 1889-90, xlvii, 281). j.  ~.  jom~m  303 
In the present investigation it was shown that even in the case of 
pure  liquids where  surface equilibrium is  almost instantaneous and 
consequently not appreciably disturbed by changing the form of the 
surface, the ring method is not to be relied upon.  The surface tension 
of water was measured by the ring method at 0  ° and at 25°C., and that 
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FIe.  1.  Shows how the  pull (P)  required to detach  the ring varies with the 
length of the surface (2 ×  21rR) on which it acts, i.e.,  twice the circumference 
(2 × 21rR).  Determination with water at 0°C. and at 25°C. 
of pure benzene at 25°C.  Two sets of platinum rings were used with 
the  du Noiiy  type of tensiometer.  In one set of measurements the 
diameter of the ring was varied and in the other the size of the wire 
was varied while the rings were of the same diameter.  The rings were 304  SURFACE  TENSION  OF  PHYSIOLOGICAL  SOLUTIONS 
measured  with  a  micrometer  caliper  after  they  had  been  snugly 
mounted on a tapering piece of machined steel.  It is to be noted in 
Fig. 1 that as the length of the surface, 2  ×  2zR, on which the pull 
is  exerted is  increased from 41  to  118 mm. (i.e.,  as the diameter of 
the ring is increased from 6.5  to  18.8  ram.), the value obtained for 
the  surface tension of water increases  almost  25 per  cent, and  that 
the  variations  obtained  as  the  size  of  the  wire  varies,  though  the 
diameter of the rings  is kept nearly constant, are not quite as great. 
In  Fig.  2,  it is  to be noted  that in measuring the surface tension of 
pure benzene the variations were of the  same nature  though not as 
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Fro. 2.  Units same as those of Fig.  1.  Benzene  at 250C. 
great as in the  case of water.  All of these results  are reproducible 
within a few hundreds of a dyne.  These data confirm the results of 
Sondhaus (4) who first introduced the ring method 50 years ago,  and 
who showed that  there are  large variations in  the results  obtained 
when  the  size  of  the  ring  is  varied.  Edser  (5)  has  also  reported 
similar  results  which  showed  that values  obtained  by  this method 
were as much as 8 per cent too high. 
Although the surface tension of water, when measured with the ring 
supplied with the tensiometer, appears to be correct, this circumstance 
is  entirely due  to  the  chance  cancellation  of  two equally large but j.  x¢.  JOHLIN  305 
opposite errors; and it is evident from the data given in Figs.  1 and 2 
that the use of the ~me ring would not give the correct surface tension 
value  for  water  at  another  temperature,  or  that  the  correct  value 
would be obtained for any other liquid or solution at the same tempera- 
ture at which the value for water was by chance found to be correct. 
When absolute values arenot required,  the ring method  could be 
used  to  note  the  relative  change  of surface  tension  with  time  as it 
takes place in the case of many semicolloidal solutions, and then only 
TABLE  I. 
Data illustrating the difficulty of obtaining consistent, reproducible results for a 
certain time period, and of noting the nature of the change of surface tension with 
time in the case of gelatin solutions, by the use of the ring method. 
Surface tension in dynes ~er cm. 
Time dapsed 
after formation of  Solution A  Solution B 
interface 
Series 1 
0.25 
0.50 
1 
2 
4 
8 
62.57 
62.23 
62.30 
62.71 
62.25 
62.23 
Series 2  Series 3 
62.43  61.83 
62.17  56.99 
61.63  58.49 
61.49  58.56 
61.27  58.90 
61.49  58.09 
Series 1  Series 2 
60.87  63.87 
61.08  63.25 
61.42  62.85 
60.08  62.30 
61.83  61.63 
61.21  60.87 
Solutions A and B are both 1 per cent solutions of isoelectric gelatin.  While 
making  the  surface  tension measurements  the  temperature  of these  solutions 
was kept at 35  ° by surrounding the dish containing the solutions with a jacket 
through which water from a well regulated water bath was circulated continuously. 
when the phenomenon repeats itself in the same manner with succes- 
sive samples of the same solution  (i.e. when the rate of change is the 
It frequently happens however that  the change of surface tension 
with time does not proceed in the same manner with different samples 
of the same solution.  Such  occasional irregularities were  illustrated 
in the case of solutions of gelatin  (6)  and  of soap  (7),  when  the  sur- 
face tension of these was measured by the capillary rise method.  By 
the use of this method, the exact nature of the change could be followed 306  SURFACE  TENSION  OP  PHYSIOLOGICAL  SOLUTIONS 
because all of the measurements which were made at chosen intervals 
were made with the same interface.  If each measurement had been 
made with a  different sample of  the  solution,  the  change  could  not 
have  been followed because of the possibility that  the  change  with 
time might have been somewhat different in the case of each interface, 
Mr. Heinrich, working in this laboratory, has encountered this difficulty 
in attempting  to note the change of surface tension with time in the 
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FIo. 3. Illustrates the irregularities of the data obtained with 1 per cent  solu- 
tions of isoelectric  gelatin by the ring method. 
case of solutions  of isoelectric  gelatin.  By the ring method  it could 
not be definitely shown  that  a  decrease in  surface tension  was later 
followed by an increase, as was found in some cases by the use of the 
capillary  rise  method,  because  the  course  of  the  change  that  takes 
place with one interface cannot be followed by the ring method.  The 
nature  of  the  results  of  Table  I  indicates,  however, that  the  same 
irregularities were shown with the use of the ring method as when the ].  M.  JOHLIN  307 
capillary rise method was used, and further indicates the impossibility 
of invariably obtaining consistent results with a  solution of this kind. 
If it were assumed, on the other hand,  that there was a method by 
which the  surface tension  of solutions of semicolloids could be accu- 
rately measured so as to obtain absolute values, there still remains the 
difficulty of interpreting  the data.  In  the case of protein  solutions, 
unless they are diluted tremendously, a  state of equilibrium that can 
be  considered  reliable  is  seldom  reached.  In  the  second  place,  the 
rate of change of surface tension with time differs in the case of similar 
solutions and frequently in the case of different samples of the same 
solution, and sometimes the rate changes after a  time in the case of a 
specific interface.  It is naturally impossible to compare data relative 
to  an  equilibrium  condition  that  is  never  reached,  or  relative  to  a 
definite period of time when the rate of change in the cases to be com- 
pared is different. 
It has been found that in some instances the change of surface ten- 
sion with time proceeds in a regular manner and can be expressed by an 
equation,,  =  a t-, where ¢ equals the surface tension in dynes per cm., 
t  the  time elapsed  after  the formation  of an  interface,  and  a  and  n 
are constants.  Attention  should be called to the fact that the equa- 
tion  ~  =  a0e-~t~, still  given  in  various  text-books,  is incorrect,  and 
does not fit the data to which it is applied--as was pointed out when 
the above more correct equation (8) was given by the author several 
years  ago. 
SUMMARY AND  CONCLUSIONS. 
1.  Data are given to show that surface  tension values obtained by 
the ring method  cannot  be considered reliable when  absolute values 
are desired. 
2.  Data  are  given  to show that,  in  the  case of solutions of semi- 
colloids, surface tension values obtained for a  definite period of time 
following  the  formation  of  a  new  interface  cannot  always  be  con- 
sistently reproduced by the ring method. 
3.  It is shown that  in the  case  of  solutions  of  semicolloids,  equi- 
librium  values  are  not  readily  obtained  and  should generally not be 
assumed to have been reached after any definite period of time. 308  SURFACE TENSION OF  PHYSIOLOGICAL SOLUTIONS 
4.  The general difficulty of interpreting surface tension values ob- 
tained in the case of solutions of semicolloids, by any method, is em- 
phasized. 
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